Preface

Einstein explained in equations
Albert Einstein's achievement in physics is proverbial. Many regard him as the greatest physicist since Newton. What did he do in physics that's so important? While there have been many books about Einstein, most of these explain his achievement only in qualitative terms. This is rather unsatisfactory as the language of physics is mathematics. One needs to know the equations in order to understand Einstein's physics: the precise nature of his contribution, its context, and its influence. The most important scientific biography of Einstein has been the one by Abraham Pais: Subtle is the Lord . . . The Science and the Life of Albert Einstein: The physics is discussed in depth; however, it is still a narrative account and the equations are not worked out in detail. Thus this biography assumes in effect a high level of physics background that is perhaps beyond what many readers, even working physicists, possess. Our purpose is to provide an introduction to Einstein's physics at a level accessible to an undergraduate physics student. All physics equations are worked out from the beginning. Although the book is written with primarily a physics readership in mind, enough pedagogical support material is provided that anyone with a solid background in an introductory physics course (say, an engineer) can, with some effort, understand a good part of this presentation.
In historical context This is a physics book with material presented in the historical context. Although it is not a scholarly history and there is hardly any original work in the Einstein biography, historical material from secondary sources is used to make the physics material more comprehensible and interesting. For example, a more careful discussion of the results obtained by Hendrik Lorentz will precede Einstein's special relativity. Planck's and Einstein's work on blackbody radiation are presented only after reviewing first the thermodynamics and scaling results of Wilhelm Wien. Our opinion is that the history conveyed through standard physics textbooks sometimes misses the proper context of the discovery. The original Einstein story is actually more interesting and illuminating.
Post-Einstein development Also, we do not stop at Einstein's discovery, but carry the discussion onto some of the advances in physics that had been made because of Einstein's contribution. We discuss gauge symmetry leading to the Standard Model of particle physics as a legacy of Einstein's invarianceprinciple approach. As an example of Einstein's unified field theory we present the Kaluza-Klein unification of electromagnetism and gravitation in a space with an extra dimension. Such knowledge is needed to fully appreciate the profound influence that Einstein's physics had on subsequent development. because it is the first instance when the quantum idea was shown to be relevant to physical systems well beyond the esoteric case of blackbody radiation. His theory also clarified the questions about matter's molecular composition. How is that so? 6. The statement of wave-particle duality was made first by Einstein in his 1909 study of fluctuations of radiation energy. Einstein and Bohr had influenced each other's work, especially with respect to the idea of quantum transitions (the quantum jumps). How did quantum mechanics and quantum field theory accommodate, in one elegant framework, simultaneously waves, particles, and quantum jumps? Famously, this is not the resolution that Einstein was able to accept. 7. Einstein never accepted the orthodox interpretation of quantum mechanics. Was he just too set in his ways to appreciate the new advances in physics? How had Einstein's criticism influenced subsequent investigation on the meaning of quantum mechanics? 8. By the time Einstein proposed his special theory of relativity, the Lorentz transformation had already been written down. Einstein was unaware of this latest development, as he was working (in the Swiss Patent Office) outside an academic environment. Einstein's derivation of this transformation rule differed fundamentally from the way it was gotten by Lorentz and others. Clearly the story is a fascinating one. But to understand it properly one needs to know the relevant physics, to know some of the technical details. This, an undergraduate physics student, with some help, should be able to do.
Can you answer these "Einstein questions"?
Atoms, quanta, and relativity-Our presentation
The material is logically divided into five parts: atoms, quanta, special/general relativity, and later developments. Each of the 17 chapters has a detailed summary, in the form of a bullet list, placed at the beginning of the chapter. The reader can use these lists to get an overview of the contents and decide which part the book he or she wants to study in detail. For example, a reader may well wish to postpone Chapter 1 for a later reading; it discusses Einstein's doctoral thesis and concerns the subject of classical hydrodynamics, which may not be all that familiar to a present-day student.
Physics focus Although many of Einstein's papers are discussed in this book, his physics is not presented in the exact form as given in his papers. For example, the derivation of the Lorentz transformation is different from that given in Einstein's 1905 paper, even though the assumption and result are the same. In finding the general relativity field equation, Einstein's original steps are not followed because, after Einstein's discovery, it had been shown by others that the same conservation law condition could be obtained much more simply by using the Bianchi identities. In other words, the focus of this book is Einstein's physics, rather than the strict historical details of his physics. It is hoped that our presentation (without the obsolete notation of the original papers) is more accessible to a modern-day reader.
As a textbook? Since Einstein's legacy has permeated so many areas in physics, a wide range of topics will be covered in our presentation. It is hoped that after studying these lessons, a student will not only have learnt some history of physics and a better appreciation of Einstein's achievement, but, perhaps more importantly, will have enhanced their understanding of some of the basic areas in their physics curriculum (and a glimpse of more advanced topics): thermodynamics, hydrodynamics, statistical mechanics, Maxwell's equations, special and general relativity, cosmology, quantum mechanics, quantum field theory, and particle physics. Although this book is written for a general-interest physics readership, it can be used as a textbook as well-for a "Special Topics" course, or an "Independent Reading" course. One possibility is to have the book function as the basis of a "senior year project". Working through the book may well be an enjoyable experience for both the student and the instructor.
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